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Introduction 
The global demand for clean energy has to be increased; the 

turbocharger needs an efficient engine technology to develop high 
efficiency, lower emission, non-hazardous and clean combustors. 

The gas turbine combustor is one of the most complicated systems 
in design of gas turbine because complexity arises to meet desire 
requirement of turbine and compressor. In gas turbine Combustion 
chamber fuel is combined with high compressed air and burnt in a 
combustion chamber. Then its results in high temperature exhaust gas, 
which is used to run the power turbine or produce thrust when passed 
through a nozzle. The design and development of can-type combustors 
is crucial. Fluid dynamics play a vital role in the design of can-type 
combustor. Along with fluid dynamics others fundamental considered 
of heat and mass transfer and chemical kinetics is taken into account. 
Taking these consideration complex combustors are carefully designed 
for better mixing, dilution processes to ignite the air and fuel in order to 
improve burning rate and to minimize soot and nitric oxide formation 
and then additional air is mixed to meet the temperature requirements 
[1-10].

Combustors play a vital role in determining many operating 
characteristics of an engine, such as efficiency, levels of emissions and 
transient response. The development of a preliminary combustion 
chamber design and the methodology of the design process would 
help to meet these demands. The objective of paper is to be optimized 
combustor for turbocharger application [11-15].

Modeling and Meshing
Mentioning technical specifications and initial dimensions from 

simple to complex geometries and geometry were established. A 
computational prediction of variation air inlet angle is considered. 
The CFD model is made up of a complex combustion chamber of 
250 mm length with 8 primary and 16 secondary air inlets at an angle 

of 30, 40, 45 degrees. A baffle plate is provided at the center of the 
combustion chamber for generation of the flow recirculation, it helps 
flame stabilization for enhanced mixing, hence plate act as a flame 
holder. The mass flow rate has been chosen based on to the calorific 
value of fuel and power requirement of the combustor. A lean mixture 
has been considered due to the constraints with both wall and outlet 
temperatures. The combustor had to be modeled in such a way that 
where the analysis results yields the required conditions at the outlet 
of the combustor. Complete combustion the air-fuel mixtures have 
to take place within the can-type combustor, also the exhaust gases 
has to contain very small or no traces of CH4 and CO as well as NOx 
emissions. The CATIAV5 wireframe and surface module is used to 
design integrated combustor with fuel inlet pipe, primary, secondary 
air inlet pipe, baffle plate (act as a flame holder hence improve the 
stability of flame), wall and outlet. Using ICEM CFD geometry clean-
up is done, which includes removing of free edges, scar line, duplicate 
surfaces, small holes and intersection of parts (assembly of combustor). 
Generated unstructured grid i.e. tetrahedral element of size 3014733. 
Figure 1 shows the Mesh generation on Combustor [16-25].

The constituents of producer gas are CH4, CO, N2, CO2 and H2. 
These were specified while assigning the boundary conditions in 
ANSYS CFX. Producer gas density is specified as 1 Kg/m3 for complete 
combustion, ideal gas mixture and also achieves the mass flow rate of 
fuel as 12 g/s. The mathematical model of combustion process is based 
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Abstract
A computational prediction of combustion is a challenging task due complexity involved in the flow parameters. 

The design of can-type combustor has been considered for a special purpose using producer gas as fuel to run 
the turbine blades of a turbocharger. Producer gas used for power generation has zero effect, even though it emits 
CO2 into the atmosphere. The application has its background in finding an optimal turbocharger for matching the 
requirements of an IC engine. Non-premixed combustor is taken into account because producer gas having high 
temperature around 300 K when entering into combustion chamber, thus it is unsafe to operate in the premixed 
mode to prevent explosion in the air-fuel inlet and also simplifies the design. By changing the inlet air injection angle 
will affect the combustion parameters like low pressure drop, NOx level, outlet temperature, and wall temperature not 
to exceed 700 K. A mild steel material has been selected for computational prediction of flow behaviors under typical 
engine condition in can-type combustor. Thus for the initial consideration, basic design of a can-type combustor 
without a liner has been modeled. The specifications were met and checked for different combination of primary 
and secondary air injection duct and a most feasible configuration is obtained. The main aim is to optimize the 
characteristics of a combustor for a turbocharger test rig, i.e. the combustor designed has to be meet optimum 
condition, which is prevailing in the producer gas engine (formerly diesel engine).
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on Renolds-Averaged Navier-Stokes equations. The chemical reactions 
equation is considered as source in terms of continuity equation for 
each species. 

For producer gas the combustion equation is as follows: 
( )2 4 2 2 2 2 2 2 2 20.2  0.2 0.02 0.12 0.46  3.76  0.34 0.46 0.24 3.76 CO H CH CO N x O N CO N H O x N+ + + + + + → + + + 

The theoretical A: F ratio is obtained as 1.143. The amount of air 
initially amount of air considered around 2-3 times the mass of fuel. 
To obtain uniform temperature at the outlet and also to maintain 
wall temperatures, the mass of air required has been calculated and 
increased to around 18 times of that of fuel. Then, using the determined 
heat output from the combustion chamber, the initial dimensions are 
arrived at from the concept of conduction through cylinders. 

CFD Approach 
The basic configuration of the model considered for the analysis, 

scheme of computation, code validation and other basic aspects of the 
study have been brought out in detail. A 3D-RANS code having up 
winding implicit scheme is used for the numerical solution.

The main considerations for the flow simulations were to get 
pressure and temperature at the outlet in the range of 0.3-0.5 bar and 
500-600 K respectively. The temperature difference is expected to be 
within 100 K to avoid thermal stresses on the turbine blades (Figures 
2 and 3). A subsonic flow with average Mach number less than 0.3 is 
optimum to avoid choking inside the combustion chamber. For the 
producer gas considered, with its low energy density having the A: F 

ratio of about 1.2 for equivalence ratio of 1, to get the desired dilution for 
getting the desired temperature was theoretically about 18. In the above 
process a computational predictions of the primary and secondary air 
inlet angles were varied to 30, 40 and 45 degrees respectively and an 
optimal configuration with the primary and secondary air inlet angles 
is found to be around 45° [26-32].

The material, producer gas has been created considering it as a 
reacting mixture with the gas phase combustion. The constituents of 
producer gas are CH4, CO, N2, CO2 and H2. Assuming adiabatic flame 
temperature to be equal to the required exhaust gas temperature the 
excess air required at the inlet is calculated by trial and error method. 
The air mass flow rate is fixed to be 216 g/s which have later split for 
primary and secondary air flow rates of 36 g/s and 180 g/s respectively. 
The primary air is mainly used for creating the combustion zone at the 
center of the combustion chamber. The secondary air partly involves 
for the same and majorly contributes in maintaining the wall and outlet 
temperature since the primary and secondary air have a lot of inlets as 
mentioned earlier, a common duct, which has been modeled separately 
for both primary and secondary to simplify the inlet boundary 
conditions. The fuel mass fractions were provided at the inlet keeping 
Nitrogen as constraint and oxygen was taken as zero. For the air mass 
fractions the oxygen as 0.23 and the other components were considered 
as zero. The outlet was made to be a fixed condition with static pressure 
taken 0.3 bars since the required pressures was around 0.3-0.5 bar. 

Results and Discussion
The dominant flows are not closer to the walls indicating the 

reduced convective heat transfer to the wall. There is small variation 
pressure at inlet and outlet of combustor i.e. pressure at fuel inlet is 
0.5 bars and air inlet is found to be approximately 0.6 bar. During 
the experimentation on compressor in the laboratory and found that 
compressor achieved 0.5 bar pressures at the inlets.

From the various plots we can conclude following characteristics 
on combustor:

1. The velocity considered for air and fuel at the point of ignition is 30 
m/s, as good as necessary for a stable ignition. Baffle plate creates 
the wake hence helps in proper mixing of air and fuel (Figures 
4-8). From Figure 9 and Figure 10 velocity streamlines and vector 
respectively, its shows the proper mixing of fuel and air.

2. From Graph 1, there were the temperature and axial length 
of combustor, which shows configuration i.e. 30°

, 40° and 45° 

respectively. By comparatively the above plots from the graph is 
obtained from 45° above configuration.

Figure 1: Mesh on combustor.
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Figure 2: Temperature contour on Z-X plane.
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Figure 3: Temperature contour at outlet and temperature on Z-X plane.
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Graph 1: Temperature along length of combustion chamber.
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Figure 6: CO mass fraction on Z-X plane of non-pre mixed combustion.
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Figure 7: CO2 mass fraction on Z-X plane.

Figure 8: Temperature across the section of combustor.
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3. From Figures 4-7 show mass fractions of H2, CO, CH4 and CO2 are 
below traceable limits indicating that no unburned gases are escaping. 

4. With the required air splits as primary for stable combustion 
and secondary air is injected subsequently for the dilution from 
an annular chamber, a good mixing and required temperature is 
achieved.

5. The optimized configuration is achieved and the desired feature 
of wall temperatures are not exceeding 700 K, which is shown in 
Figures 2 and 3 and also cut section of combustion length which is 
shown in the Figures 8-10.

Conclusion
Based on a computational predictions, optimum design of 

combustor configuration were obtained, further modification can 
done, to meet good agreement with the typical engine performance. 
Three dimensional computations made on can-type combustor in 
order to capture the emission parameter and also capture the detailed 
functional features of fluid flow in the combustor are considered. 
Producer gas taken as fuel because generate renewable power, convert 
waste to useful fuels and reduction of emission from engines. A 
combustion analysis is made with a RANS code and k-ε based turbulent 
model. The CFD based predictions of the combustion process in can-
type combustor and the performance has been evaluated for optimal 
design of the Producer gas burner. The desirable features have been 
achieved with the combustion analysis used for the results has shown 
complete combustion and better mixing can be seen and also provide 
lower variation in temperature at outlet.

References

1. Saravanamuttoo HIH, Rogers GFC, Cohen H (2001) Gas turbine theory.

2. Huang Y, Yang V (2009) Progress in energy and combustion science dynamics 
and stability of lean-premixed swirl-stabilized combustion. The Pennsylvania 
State University, University Park PA 16802, USA 35: 293–364.

3. Lefebvre AH (2010) Gas turbine combustion. 

4. Pegemanyfar N, Pfitzner M (2008) Development of a combustion chamber 
design methodology and automation of the design process. University of the 
Federal Armed Forces Munich 25th International Congress of the Aeronautical 
Sciences.

5. Jong-Ryul kim, Gyung-Min Choi, Kim DJ (2010) Effects of operating pressure 
on flame oscillation and emission characteristics in a partially premixed swirl 
combustor. Experimental Thermal and Fluid Science 35: 165-171. 

6. Panwar NL, Salvi BL, Shiva Reddy V (2010) Performance evaluation of 
producer gas burner for industrial application. 

7. Bhoi PR, Channiwala SA (2009) Emission characteristics and axial flame 
temperature distribution of producer gas fired premixed burner.

8. Al-attab KA, Zainal ZA (2011) Design and performance of a pressurized 
cyclone combustor (PCC) for high and low heating value gas combustion. 
Applied Energy 88: 1084-1095. 

9. Johansson E, Mattison T (2006) Combustion of syngas and natural gas in a 
300 W chemical looping combustor. Institution of J Engineers 84: 819-827.

10. Morgans AS, Stow SR (2007) Model-based control of combustion instabilities 
in annular combustors Combustion and flame. 150(4): 380-399

11. Badrinath C (1993) Development of aero gas turbine annular combustor - An 
overview. Combustion group.

12. Li J, Chou SK (2009) Study on premixed combustion in cylindrical micro 
combustors: Transient flame behavior and wall heat flux. Experimental Thermal 
and Fluid Science 33: 764-773.

13. Tser-Son W, Xin-Fu Y, Chun-Kuei C, Development and temperature measurement 
of heat-recirculation gas combustors burning methane/air. IEEE: 4914-4917.

14. Pengfei H, Gaofeng W, Qizhao L, Peiyong M (2009) Heat transfer analysis of 
swiss-roll combustor for ventilation air methane Thermal Science and Energy. 

15. Francis WE (1965) Studies of industrial high intensity gas combustor. Tenth 
symposium on combustion. p: 1219-1230

16. Cheol-Hong H, Chang-Eon L, Jong-Hyun K (2008) Flame blowout limits of 
landfill gas mixed fuels in a swirling non-premixed combustor. Energy and 
Fuels p: 2933-2940

17. Lei-Yong J, Campbell I, Prandtl (2009) Schmidt number effect on temperature 
distribution in a generic combustor. Int J Thermal Science: 322-330.

18. Nam I Kim, Satoshi Aizumi, Takeshi Yokomori (2007) Development and scale 
effects of small swiss-roll combustors. Combustion Institute 31: 3243-3250.

19. Foley CW, Chterev I (2011) Flame configuration in a lean premixed dump 
combustor with an annular swirling flow. 7th USA Combustion Meeting, GA.

20. Singh SN, Seshadri V, Singh RK, Mishra T (2006) Flow characteristics of an 
annular gas turbine combustor model for reacting flows using CFD. J Scientific 
and Industrial Research 65: 921-934.

21. Gambini M, Vellini M (2003) CO2 emission abatement from fossil fuel power 
plants by exhaust gas treatment. J Engineering for Gas Turbines and Power 
Transactions of the ASME 125: 365-373.

22. Nakicenikovic N, Grubler A, McDonald A (1998) Global energy perspectives. 
Cambridge University Press Cambridge.

23. Bilger RW (2000) Future progress in turbulent combustion research. Progress 
in Energy and Combustion Science 26: 367-380.

24. Paul PJ, Mukunda HS (1993) Recent advances in biomass gasication and 
combustion. Proceedings of 4th meet on Biomass Gasication and Combustion 
at Mysore Interline publishing, Bangalore, India.

25. Sridhar G, Paul PJ, Mukunda HS (2001) Biomass derived producer gas as a 
reciprocating engine fuel an experimental analysis. Biomass and Bioenergy 
21: 61-72 

Figure 9: Velocity streamline Z-Y plane of non-pre mixed combustion.

Figure 10: Velocity vector for combustor.

https://books.google.co.in/books/about/Gas_Turbine_Theory.html?id=ummg5F227WoC
http://www.icas.org/ICAS_ARCHIVE/ICAS2006/PAPERS/256.PDF
http://www.icas.org/ICAS_ARCHIVE/ICAS2006/PAPERS/256.PDF
http://www.icas.org/ICAS_ARCHIVE/ICAS2006/PAPERS/256.PDF
http://www.icas.org/ICAS_ARCHIVE/ICAS2006/PAPERS/256.PDF
http://www.osti.gov/scitech/biblio/21390718
http://www.osti.gov/scitech/biblio/21390718
http://www.osti.gov/scitech/biblio/21390718
http://agris.fao.org/agris-search/search.do?recordID=US201400034959
http://agris.fao.org/agris-search/search.do?recordID=US201400034959
https://www.tib.eu/en/search/id/BLSE%3ARN285036640/Design-and-performance-of-a-pressurized-cyclone/
https://www.tib.eu/en/search/id/BLSE%3ARN285036640/Design-and-performance-of-a-pressurized-cyclone/
https://www.tib.eu/en/search/id/BLSE%3ARN285036640/Design-and-performance-of-a-pressurized-cyclone/
http://www.cherd.ichemejournals.com/article/S0263-8762(06)72962-8/pdf
http://www.cherd.ichemejournals.com/article/S0263-8762(06)72962-8/pdf
http://www.combustioninstitute-indiansection.com/pdf/DEVELOPMENT OF AERO GAS TURBINE ANNULAR COMBUSTOR.pdf
http://www.combustioninstitute-indiansection.com/pdf/DEVELOPMENT OF AERO GAS TURBINE ANNULAR COMBUSTOR.pdf
http://scholarbank.nus.edu.sg/handle/10635/85695
http://scholarbank.nus.edu.sg/handle/10635/85695
http://scholarbank.nus.edu.sg/handle/10635/85695
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=5768928&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D5768928
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=5768928&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D5768928
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=4918404&url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel5%2F4918025%2F4918026%2F04918404.pdf%3Farnumber%3D4918404
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=4918404&url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel5%2F4918025%2F4918026%2F04918404.pdf%3Farnumber%3D4918404
http://pubs.acs.org/doi/abs/10.1021/ef8000407
http://pubs.acs.org/doi/abs/10.1021/ef8000407
http://pubs.acs.org/doi/abs/10.1021/ef8000407
https://www.tib.eu/en/search/id/BLCP%3ACN071224120/Prandtl-Schmidt-number-effect-on-temperature-distribution/
https://www.tib.eu/en/search/id/BLCP%3ACN071224120/Prandtl-Schmidt-number-effect-on-temperature-distribution/
https://keio.pure.elsevier.com/en/publications/development-and-scale-effects-of-small-swiss-roll-combustors
https://keio.pure.elsevier.com/en/publications/development-and-scale-effects-of-small-swiss-roll-combustors
http://soliton.ae.gatech.edu/people/tlieuwen/publications/Conferences/2011/USNM_2011_1D16.pdf
http://soliton.ae.gatech.edu/people/tlieuwen/publications/Conferences/2011/USNM_2011_1D16.pdf
http://nopr.niscair.res.in/handle/123456789/4959
http://nopr.niscair.res.in/handle/123456789/4959
http://nopr.niscair.res.in/handle/123456789/4959
http://gasturbinespower.asmedigitalcollection.asme.org/article.aspx?articleid=1421591
http://gasturbinespower.asmedigitalcollection.asme.org/article.aspx?articleid=1421591
http://gasturbinespower.asmedigitalcollection.asme.org/article.aspx?articleid=1421591
http://www.cambridge.org/us/academic/subjects/earth-and-environmental-science/environmental-science/global-energy-perspectives
http://www.cambridge.org/us/academic/subjects/earth-and-environmental-science/environmental-science/global-energy-perspectives


www.manaraa.com

Citation: Pradhani NL, Rajesh A, Ganesh Prasad MS (2016) CFD Analysis on Can-Type Combustor and Variation of Air Injection Angle under Typical 
Engine Condition. J Aeronaut Aerospace Eng 5: 170. doi:10.4172/2168-9792.1000170

Page 5 of 5

Volume 5 • Issue 2 • 1000170
J Aeronaut Aerospace Eng
ISSN: 2168-9792 JAAE, an open access journal 

26. Parikh PK, Shashikantha B, Veerkar S (1995) Design development and
optimization of a spark ignited producer gas engine. Proceedings of 14th 

National Conference on IC engines and Combustion Pune, India 14: 97-107.

27. Shashikantha S, Parikh P (1999) Spark ignited producer gas engine and
dedicated compressed natural gas engine technology development and
experimental performance.

28. Keshava Murthy TV, Ravi MR, Anjan Ray (2004) Investigation of burning
velocity of laminar premixed producer gas/air mixtures at various pressures
and temperatures. 17th National and 6th ISHMT/ASME Heat and Mass Transfer 
Conference IGCAR Kalpakkam, India: 538-543.

29. Kanitkar S, Chakravarthy P, Paul PJ, Mukunda HS (1993) The AME speeds
temperature and limits of AME propagation for producer gas-air mixtures-
experimental results. Recent advances in biomass gasication and combustion. 

Proceedings of 4th meeting on Biomass Gasication and combustion at Mysore 
Interline publishing, Bangalore, India 4: 50-62.

30. Chakravarthy P, Mishra DP, Paul PJ, Mukunda HS (1993) The theoretical
calculations of the limits of AME propagation for producer gas-air mixtures-
experimental results. Recent advances in biomass gasication and combustion
Proeedings of 4th meet on Biomass Gasication and Combustion at Mysore
Interline publishing, Bangalore, India.

31. Mishra DP, Paul PJ, Mukunda HS (1994) Computational studies on the AME
propagation in producer gas-air mixtures and experimental comparisons.
Proceedings of the XIII National Conference on IC Engine and Combustion.
Bangalore, India 13: 28-37.

32. Sridhar G, Paul PJ, Mukunda HS (2005) Computational studies of the laminar
burning velocity of a producer gas and air mixer under typical engine conditions. 
Proc IMech E Part A: J Power and Energy 219: 195-201.

http://papers.sae.org/1999-01-3515/
http://papers.sae.org/1999-01-3515/
http://papers.sae.org/1999-01-3515/
http://cgpl.iisc.ernet.in/site/Portals/0/Publications/ReferedJournal/Computational studies of the laminar burning velocity.pdf
http://cgpl.iisc.ernet.in/site/Portals/0/Publications/ReferedJournal/Computational studies of the laminar burning velocity.pdf
http://cgpl.iisc.ernet.in/site/Portals/0/Publications/ReferedJournal/Computational studies of the laminar burning velocity.pdf

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction  
	Modeling and Meshing 
	CFD Approach  
	Results and Discussion 
	Conclusion 
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Graph 1
	References 

